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(54) Title: BLANK HOLDER MEANS VOK DRAWING PRESS 




(57) Abstract: A press for forming 
sheet materia] comprising an upper blank 
holder die element (1) and a lower blank 
holdo* element (1) capable of being 
brought into engagement for clamping 
a blank (7) between their respective 
clamping surfaces (5, 6); and a ram (3) for . 
pressing a clamped blank, the clamping 
surface of the lower blank holder element 
b^ng backed by a support block having 
volume of diflcring moduli of elasticity 
so that the resistance to compression 
of the clamping surface varies and the 
clamping force experienced by the blank 
when clamped between the die and the 
lower blank holder element also varies. 
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Blank Holder Means For Drawing Press 

This invention relates to improvements in the blank holder component of — 
presses for forming sheet materials such as plastics and metals, enabling 
5 the clamping force experienced by a blank when held in the blank holder 
to be higher in some clamped areas than in others. 

Background to the Invention 

In drawing, stamping, pressing or othenvise forming sheet material blanks 
10 into shaped parts, the blank is usually clamped between upper and lower 
elements of a blank holder component while the pressing ram component 
presses the undamped areas into the die. The forces involved in the 
pressing operation can be substantial, and some slippage of the clamped 
areas of the blank may occur during pressing. The stretching forces 
15 experienced by different regions of the clamped area are likely to vary in 
cases where the pressing is irregularly shaped, resulting in different 
degrees of slippage in different clamped areas. Often any such slippage 
will be undesirable, best pressing results being expected when the blank is 
firmly immobilised by the blank holder. However, sometimes a degree of . 
20 slippage in some clamped is actually desirable, to avoid rupture or 
malformation of the pressing. 

In the case where no slippage is to be tolerated, one solution may be to 
increase the overall blank holder force to the level necessary to securely 

25 clamp those clamped areas subject to the greatest stretching force during 
the pressing stage. However, at least in principle, a more sophisticated 
solution may be to apply higher clamping forces to those areas 
experiencing the greatest stretching forces than to those areas subject to 
low stretch. In the case where some slippage in some clamped areas is 

30 desirable, the latter may be the only viable solution. 

One known method of applying different blank holder force to some areas 
of the clamped blank than others is to use one or more piston/cylinder 
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combinations acting on elements of the blank holder. 

Brief Description of the Invention . - 

This invention makes available an alternative to the known piston/cylinder 
5 arrangement for controlling the blank holder force in different areas of the 
clamped blank. This is done by backing a clamping surface of the blank 
holder with a support block having volume domains of differing moduli of 
elasticity, In a manner more fully described hereafter. 

10 Detailed Descriotion of the Invention 

According to the invention there is provided a press for fomiing sheet 
material comprising 

a die having a clamping surface, constituting an upper blank holder 
15 element; 

a lower blank holder element having a clamping surface, constituting 
means for supporting a sheet material blank placed thereon; 

20 the die and lower blank holder element being capable of being brought into 
engagement for clamping at least localised areas of the sheet material 
blank between their respective clamping surfaces; and 

a ram which is shaped for pressing the sheet material blank into a desired 
25 shape while the blank is clamped between opposed clamping surfaces of 
the die and lower blank holder element; 

CHARACTERISED IN THAT 

30 the clamping surface of the lower blank holder element is backed by a 

support block, for controlling the resistance to compression of areas of the 
clamping surface by force applied perpendicular thereto, 
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at least a first volume domain of the support block having a higher modulus 
of elasticity than a second volume domain thereof. 

so that the resistance to such compression of a first area of the clamping 
5 surface which is backed by the first volume domain of the support block is 
higher than that of a second area thereof which is backed by the second 
volume domain, 

whereby the clamping force experienced by the blank when clamped 
10 between the die and the lower blank holder element Is greater for the part 
of the blank in contact with the first area than for the part in contact with the 
second area. 



15 CLAMPING SURFACE 

The clamping surface of the lower blank holder element will be shaped in 
accordance with the design of the workpiece to be produced by the press. 
In many cases it will be flat, but In others it will have a shape corresponding 
to part of the eventual workpiece shape. The clamping surface may be that 

20 of a metal sheet, fomied or machined to the desired shape. One type of 
damping surface may be provided by an eiectroformed nickel or nickel 
alloy sheet. The surface may be roughened, either overall or in localised 
areas, to increase friction between the clamped workpiece and the 
elements of the blank holder during the pressing operation. 

25 

Where the clamping surface is provided by a flat or shaped sheet distinct 
from the support block, it may be bonded, clamped or otherwise fixed to the 
backing support block. In some cases the clamping surface may simply be 
a surface of the support block itself 

30 

SUPPORT BLOCK 

The function of the support block is to back the clamping surface to provide 
a secure and relatively rigid lower blank holder element, and to control the 
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resistance to compression of areas of the clamping surface during 
clamping. 

To control compression resistance, the blank holder is constructed with 
5 volume domains of differing moduli of elasticity. At least a first volume 
domain has a higher modulus of elasticity than a second volume domain 
thereof. Since the support block as a whole provides a backing for the 
clamping surface, the resistance to compression of an area of the surface 
backed by a higher modulus volume domain of the support block is greater 
10 than that of an area backed by a domain of lower modulus. In this way, the 
clamping force experienced by the blank when clamped between the die 
and the lower blank holder element is greater for the part of the blank in 
contact with the first area than for the part in contact with the second area. 

15 By designing the support block with multiple volume domains, each having 
a desired modulus of elasticity, a desired pattern of resistance to 
compression may be imposed on the clamping surface. Hence the 
clamping force experienced by the blank when clamped between the die 
and the lower blank holder element may be arranged to be greater in some 

20 areas than in others. Areas of the clamped part of the blank which must be 
completely immobilised during pressing should be in contact with areas of 
the clamping surface backed by volume domains in the support block 
which have a modulus high enough to ensure high clamping force in those 
areas. Conversely areas of the blank v^ich are to be permitted some 

25 slippage during pressing should be in contact with areas of the clamping 
surface backed by domains having a modulus which ensures the 
appropriate clamping force permitting that slippage. 

As non-limiting examples of support block constructions providing multiple 
30 volume domains of differing moduli of elasticity may be mentioned the 
"continuous solid mass", "discrete solid mass" and "pressurised chamber*' 
embodiments discussed below. 
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"Continuous Solid Mass" 

In this embodiment of a support block construction for use in accordance 
with the invention, the block is a continuously solid mass. Given volume 
domains of the mass have compositions providing the desired modulus of 
5 elasticity. Thus, for example, a domain of higher modulus may be provided 
by a stiff, minimally compressible material such as a cement matrix or a 
ceramic, preferably reinforced by lump and/or particle and/or fibre 
reinforcement to minimise the risk of fracture under high clamping forcie 
loads; while a domain of lower modulus may be provided by a less stifF, 

10 more compressible material such as a metal or plastics, again preferably 
containing reinforcement as aforesaid. Of course, by varying the amount 
and type of reinforcement, and the compounding method for the reinforced 
composite, the modulus of elasticity for any given base material (e.g. 
cement, metal, ceramic, or plastic, including such materials when 

15 compounded as composites) may be varied. 

An advantage of this type of support block construction is that the domains 
of the continuously solid mass may be cast in a fluid state then hardened. 
Each domain may be cast separately, and allowed to harden before an 

20 adjacent domain is cast and hardened. In this way the continuously solid 
mass may be built up stepwise, domain-by-domain. In some cases, it may 
be feasible to prepare batches of castable material each having the 
composition to provide a required modulus of elasticity, and then to cast 
the entire support block by casting the different batches in the desired 

25 domain pattern so that the fluid batches abut each other and the mass 
hardens as a whole. 

By casting against a mould having the contours of the desired clamping 
surfece. the surface of the support block itself may provide the clamping 
30 surface. More usually however, the clamping surface will be provided by a 
metal sheet, as discussed above. In that case the domains of the support 
block may be cast directly against that sheet, or indirectly against that 
sheet via an intermediate body designed to enhance the adhesion between 
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the sheet and cast mass. If desired, keying elements such as studs may be 
' fixed to or formed as part of the surface of the sheet against which the 
mass is cast, so that the sheet becomes keyed into the cast mass. - - 

5 "Discrete Solid Mass" 

In this embodiment of a support block construction for use in accordance 
with the Invention, the block comprises a plurality of walled chambers, each 
containing a snugly fitting discrete continuously solid mass, each discrete 
mass constituting a volume domain of the support block. Each discrete 

10 mass has a composition providing the desired modulus of elasticity, 
achieved by the use of materials discussed in connection with the 
"continuous solid mass" embodiment. 

The discrete solid masses may be cast In a fluid state into their respective 
1 5 walled chambers directly or indirectly against the sheet, then hardened. 
Alternatively, each discrete mass may be cast separately in a shape 
conforming to the shape of the walled chamber for which it is destined. The 
advantage of such an arrangement is that the support block may be 
constructed as a honeycomb of standard sized walled chambers, and the 
20 discrete masses may be prepared as a kit of masses of differing moduli of 
elasticity which are then insertable into and removable from their respective 
wailed chambers. In this way the support block may be assembled, 
disassembled and reassembled many times, with any desired pattem of 
volume domains. 

25 

"Pressurised Chamber" 

In this embodiment of a support block construction for use in accordance 
with the invention, the block includes at least two walled pressurised 
chambers, capable of being pressurised to different pressures, each 
30 constituting a volume domain of the support block. The chambers are 
pressurised hydraulically or pneumatically, and the pressure in the 
chambers may adjustable prior to or during operation of the press. 
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A support block in accordance with this embodiment may resemble 
somewhat the honeycomb construction described in relation to the 
"discrete solid mass" embodiment. In this case, the support block may- 
contain a plurality of chambers, defined by substantially rigid side and 

5 bottom walls, the top walls of which are defined by the clamping surface of 
the lower blank holder element. In this way, when the chambers are 
pressurised, they behave as volume domains having moduli of elasticity 
proportionate to the pressure within. It will often be convenient to achieve 
pressurisation of the chambers by inflating balloons located within the 

10 chambers. 

This embodiment has the advantage that a support block having any 
desired pattern of volume domains of differing moduli may be created 
simply by pressurising the various chambers to the desired levels. The 
15 support block may them be reconfigured for a different blank by 

repressurising thechambers to create the desired new domain pattern. 
Furthermore, in cases where long pressing runs may degrade the clamping 
forces created by the blank holder, repressurisation of the chambers may 
compensate for such degradation. 

20 

Embodiments of the invention will now be described by reference to the 
following drawings wherein: 

Fig 1 shows a cross section of typical pressing apparatus to which the 
25 improvement of the present invention may be applied and 

Figs 2-6 show various design features of the lower blank holder element of 
the apparatus of Fig 1 , these design features being in accordance with the 
invention. 

30 

In Fig 1 , the cooperating parts of a die 1 , a lower blank holder element 2, 
and a ram 3, each cylindrically symmetrical about axis A-A', are shown in 
cross section. A concave depression is formed in the lower surface of die 



BMSOCXaD: <VW> ^030I3756A1J_> 



wo 03/CH3756 PCmP02/08416 

8 

1 , dividing that surface into a concave feature 4 and a flat surtece area 5. 
concentric about the concave feature. The part of die 1 presenting flat 
surface 5 constitutes an upper blanl< holder element of the apparatus, as 
will be described below. 

5 

Lower blank holder element 2 has a flat clamping surface 6, essentially co- 
extensive with surface 5 of the die, which supports a sheet metal blank 7. 
Lower blank holder element 2 is moveable parallel to axis A-A' by hydraulic 
means (not shown) into and out of engagement with the upper blank holder 
10 element of the die 1 , whereby its clamping surface 6 and the surface 5 of 
the upper blank holder element of the die are forced into clarnplng contact. 
Hence the sheet metal blank 7 supported on the clamping surface 6 of the 
lower blank holder 2 may be clamped between surface 6 of the lower blank 
holder element and clamping surface 5 of the upper blank holder element. 

15 

The ram 3 has an operative nose part 8, shaped as a male counterpart of 
the concave feature 3 of die 1. Ram 3 is moveable parallel to axis A-A' by 
hydraulic means (not shown) into and out of engagement with the concave 
feature of the die. Hence, in operation of the apparatus of Fig 1 , the blank 7 
20 is clamped between clamping surfaces 5 and 6 of the upper and lower 

blank holder elements, and the ram 3 presses the undamped portion of the 
blank into the concave feature 4 of the die 1 . The pressed blank is then 
released. 

25 As the ram 3 presses the blank into the concave feature 4. stretching 
forces are exerted on the blank. Depending on the geometry of the final 
pressed item, those stretching forces may be so severe that wrinkling, 
tearing or other stress damage will occur. With the concave shape 4 shown 
in Fig 1 , it is to be expected that stretching will be greater in the wall region 

30 from the rim to floor of the concave feature, than in the floor area itself. This 
extra stretching in the wall region will at least result in thinner metal in that 
area than in the floor and clamped regions. To minimise that thinning, it 
may be desirable to allow for some slippage of the clamped blank during 
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the ramming cycle, and it may e desirable to allow greater slippage of the 
clamped part of the blank nearer the rim of the concave feature that at the 
more remote clamped parts of the blank." 

5 The present invention is concerned with ways of achieving this, by 

particular design features of the lower blank holder element. Hence, the 
invention will be illustrated by reference to features of the design of 
element 2 of Fig 1. 

10 Fig 2 shows the part of the lower blank holder element indicated as B in 
Fig. 1 constructed in accordance with one aspect of the invention. (It will be 
remembered that the lower blank holder element 2 in Fig 1 is cylindrically 
symmetrical about axis A-A', so the view shown in Fig 2 is a cross section 
through one section of the cylinder body. However, the invention is nt 

15 restricted to a particular configuration of lower blank holder element.) 

The clamping surface 6 of the lower blank holder element 2 is the upper 
surface of a support block consisting of two masses 9 and 10 which are 
concentric about axis A-A* (Fig 1). Mass 9 has a higher modulus of 
20 elasticity than mass 10. Thus, mass 9 may be of a DSP material as 

previously described, while mass 10 may be of a resin material, containing 
particulate and/or granulate fillers and fibre reinforcement. The precise 
compositions of the two masses will be determined by their desired moduli. 

25 Masses 9 and 10 may be separately cast into appropriately cylinder- 
shaped moulds, then the hardened mass 10 may be placed inside mass 9, 
and optionally bonded thereto at interface 1 1 by adhesive or by mechanical 
fixing means, to forni the support block for clamping surface 6 of lower 
blank holder 2. Preferably, however, mass 9 is first cast into an 

30 appropriately shaped mould, and allowed to harden. Then mass 10 is cast 
against the inner wall 1 1 of hardened mass 9 and allowed to harden in 
contact therewith. To provide good connection between the two masses 9 
and 10, keying elements 12, such as stone granules or metal studs may be 
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fixed to the hardened inner wall 1 1 of the mass 9. Alternatively masses 9 
and 10 may be simultaneously cast in appropriate moulds with a common 
wall 1 1 , which may have keying elements 12 bonded to one or both sides. . 
so that after hardening of both masses the common wall 1 1 of the mould 
5 remains in place as an integral part of the blank holder element. 

However masses 9 and 10 of the support block may be formed, the 
clamping surface 6 may be machined or otherwise post-treated to ensure 
the desired dimensional and frictional tolerances of the clamping surface 
10 are achieved. 

In accordance with the invention, therefore, the clamping surface 6 of the 
lower blank holder element 2 is backed by a support block 9/10, for 
controlling the resistance to compression of areas of the clamping surface 

15 by force applied perpendicular thereto, volume domain 9 of the support 
block having a higher modulus of elasticity than volume domain 10 thereof, 
so that the resistance to such compression of the area of the clamping 
surface which is backed by volume domain 9 of the support block is higher 
than that of the area thereof which is backed by volume domain 10, 

20 whereby the clamping force experienced by the blank when clamped 
between the die 1 and the lower blank holder element 2 is greater for the 
part of the blank in contact with the former area than for the part in contact 
with the latter area. 

25 Fig 3 is identical to Fig 2, except that the clamping surface, now designated 
16, is not the bare surface of the support block 9/10, but rather the upper 
surface of a preformed sheet of metal or metal alloy, for example an 
electrofomned nickel or nickel alloy sheet. The under surface of the sheet 
may have keying elements 13 fixed thereto, and the masses 9 and 10 may 

30 be cast against the under surface by using the sheet as the base of 
appropriate mould. 

Fig 4 shows the lower blank holder 2 with a clamping surfece 16 



BNSOCXnO: «WO ^030l375aAl.L> 



wo 03/013756 PCT/EP02/(I84]6 

11 

constituted by the upper surface of a metal or metal alloy sheet, and with 
optional keying elements 13 fixed to the under surface thereof, all as in Fig 
3. However, in this embodiment, the backing mass 20 is a monolithic cast 
mass whose modulus of elasticity decreases continuously or in discrete 
5 steps in the direction of the arrow. This is achieved by varying the 

composition of the backing mass material, either continuously or in discrete 
stages, as the mould is filled with casting material across its width. 

Fig 5 shows the lower blank holder 2 with a clamping surface 16 
10 constituted by the upper surface of a metal or metal alloy sheet as in Fig 3. 
However, in this embodiment, the support block is constructed as a 
honeycomb like structure of waited chambers 21 . The walls 22 of the 
chambers are fixed at their top ends, for example by welding or soldering, 
to the underside of the metal sheet providing clamping surfece 16, and at 
15 their bottom ends to a removable base plate 23. Chambers 21 are 
preferably of similar dimensions, and each is adapted snugly to 
accommodate a block of backing material having a desired modulus of 
elasticity. An array of appropriately shaped blocks having a range of moduli 
may be pre-prepared, for insertion into the chambers 21 in any desired 
20 pattern. 

When this embodiment of the invention is assembled, the clamping surtece 
16 of the blank holder 2 is backed by a support block consisting of the 
metal sheet providing the lamping surface, the honeycomb of walled 

25 chambers 21/22, the blocks snugly accommodated In those chambers, and 
the base plate 23. This support block controls the resistance to 
compression of areas of the clamping surface by force applied 
perpendicular thereto, since each block in each chamber constitutes a 
volume domain of the support block having a modulus of elasticity different 

30 from other blocks of differing moduli, so that the resistance to such 
compression of the area of the clamping surface which is backed by a 
chamber of the support block containing a high modulus block is higher 
than that of the area thereof which is backed by a chamber having a block 
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of lower, whereby the clamping force experienced by the blank when 
clamped between the die 1 and the lower blank holder element 2 is 
greater for the part of the blank in contact with the former area than for the 
part in contact with the latter area. 

5 

Fig 6 shows the lower blank holder 2 with a clamping surface 16 
constituted by the upper surface of a metal or metal alloy sheet as in Fig 3. 
However, in this embodiment, the support block is constnjcted with 
substantially rigid peripheral walls 24, fixed at their top ends, for example 

10 by welding or soldering, to the underside of the metal sheet providing 
clamping sur^ce 16. and at their bottom ends to a removable base plate 
23. The Interior of the support block defined by the metal sheet, peripheral 
walls and base plate is divided into a plurality of chambers by substantially 
rigid partition walls 27 which are also fixed at their top ends to the 

15 underside of the metal sheet providing clamping surface 16, and at their 
bottom ends to a removable base plate 23. Each chamber contains a 
hydraulically or pneumatically expandable and contractible bag 25, for 
example of heavy-duty synthetic rubber. These bags when expanded are 
contained by the rigid peripheral and partition walls 24 and 27, by base 

20 plate 23, and by the metal sheet providing the clamping surface 1 6. The 
bags may be expanded and contracted by hydraulic or pneumatic means 
(not shown) to provide any desired degree of pressurisation. These 
chambers constitute volume domains of the support block for clamping 
surface 16, and the modulus of elasticity of the each chamber is 

25 proportional to its degree of pressurisation. Thus this embodiment of the 
invention also allows different areas of the clamping surface 16 to be 
backed by volume domains of the support block having differing moduli, 
and thus to perform in accordance with the principles embodied in the 
embodiments of Figs 2-5 
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Claims 

1 . A press for forming sheet material comprising 

5 a die having a clamping surface, constituting an upper blank holder 
element; 

a lower blank holder element having a clamping surface, constituting 
means for supporting a sheet material blank placed thereon; 

10 

the die and lower blank holder element being capable of being brought into 
engagement for clamping at least localised areas of the sheet riiaterial 
blank between their respective clamping surfaces; and 

15 a ram which is shaped for pressing the sheet material blank into a desired 
shape while the blank is clamped between opposed clamping surfaces of 
the die and lower blank holder element; 

CHARACTERISED IN THAT 

20 

the clamping surface of the lower blank holder element is backed by a 
support block, for controlling the resistance to compression of areas of the 
clamping surfece by force applied perpendicular thereto, 

25 at least a first volume domain of the support block having a higher modulus 
of elasticity than a second volume domain thereof, 

so that the resistance to such compression of a first area of the clamping 
surface which is backed by the first volume domain of the support block is 
30 higher than that of a second area thereof which is backed by the second 
volume domain^ 

whereby the clamping force experienced by the blank when clamped 
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between the die and the lower blank holder element is greater for the part 
of the blank in contact with the first area than for the part in contact with 
the second area. — 

5 2. A press as claimed in claim 1 wherein the clamping surface of the 
lower blank holder comprises areas in addition to the first and second 
areas, each backed by a volume domain of the backing mass having a 
desired modulus of elasticity. 

10 3. A press as claimed in claim 1 or claim 2 wherein the clamping 
surface of the lower blank holder is provided by a flat or shaped metal 
sheet, for example of eiectroformed nickel or nickel alloy, backed by the 
support block. 

15 4. A press as claimed In any of claims 1 to 3 wherein the support block 
is a continuously solid mass. 

5. A press as claimed in claim 3 wherein the support block is a 
continuously solid mass cast in a fluid state directly or indirectly against the 

20 sheet then hardened. 

6. A press as claimed in any of claims 1 to 3 wherein the support block 
comprises a plurality of walled chambers, each containing a snugly fitting 
discrete continuously solid mass, each discrete mass constituting a volume 

25 domain of the support block. 

7 A press as claimed in claim 6 wherein the discrete continuously solid 
masses are cast in a fluid state into their respective walled chambers 
directly or indirectly against the sheet, then hardened. 

30 

8. A press as claimed in claim 6 wherein the discrete continuously solid 
masses are insertable into and removable from their respective walled 
chambers. 
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9. A press as claimed in any of claims 1 to 8 wherein the volume 
domains of the support block are composed of materials selected from 
cementacious, ceramic, metal or resin materials, each optionally reinforced 

5 by particulate and/or fibre reinforcement materials. 

10. A press as claimed in any of claims 1 to 3 wherein the support block 
includes at least two walled pressurised chambers capable of being 
pressurised to different pressures, each constituting a volume domain of 

10 the support block. 

11. A press as claimed in claim 10, wherein the chambers are 
pressurised hydrauiically or pneumatically. 

15 12. A press as claimed in claim 10 or claim 1 1 wherein the pressure in 
the chambers is adjustable prior to or during operation of the press. 
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